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TEGi^GABMM 

THE APPLieAl'lQM OF DIGITAL TEGHNlQUES TO THE 
ANALYSI S OF METALLUI^IC^^^ 



. The extraction, of info radiographic and photographic films 

[1,2} is a task with which many disciplinary fields have been concerned for 
some time [3], eSpeci^ly wltmn the tields of astronomy [4-61j med^^ 
and metatiixrgy [9-13] , With the advent of high-speed computers and present- 
day micrddensitoiheters, cataloging, analyzing, and Interpreting data fcom film 
images have been greatly simplified and estiended, 

inherent within any system whose purpose is to process Images b^ 
techniques are factors that must be considered before determining whether a 
system of this type will be beneficial for extracting the desired data from film 
images. Some factors used for arguing in favor of digital methods are the 
excellent qualtiy and quantity of data obtained by compntbh processing of 
via such techniques as contrast vaiiatidh, gsbmetfic mahipiilation, multipictorial 
analysis, I’burier transfojmiation fochiiiqueSj etc- [ 3, 141 . These factorh 
must be weighed against the possible disadyantages of digital methods suqh as; 
computer ttine reqmtements^ Hmited computer core , the applicability of the 
available programs to a specific image analysiss or poor resolution of film' 
images due to micro densitometer, limitations (i; e. j scanning time versus : 
signal-to.-npise and.im^*e; disto size) . Most arguments 

for or against digital analysis of images ultimately depend upon the system: . 

( hardware) being used and not necessarily upon the techniques ( software) avail- 
able mthin this system [ 5,15,161;. If necessaiy, the operator can formulate Ms 
own computer programs to satis^ Ms reqidfementsi Even some of the hardware 
problems shdh as imap disfortion due to different aper sizes can be reduced 
by the application of specialized programs ( Fourier transformations coupled 
with suitable filters) . Ideally, then> the only limiMtions to .using digiM^^ 
puters for image analysis are those imposed by the system hardware necessary 
to analyze an image and not tloose factors concerning the quality of toe informa- 
tion contained within a di^tized Image. 


Many iavestigatibns have been: performed to determine the feasibiliiy 
of using digital: tech^ for the study of radiographic materials and for 
microstructural material analysis* The micro structural evaluation by image 
analysis is a discipline that has already received years of investigalioh 
ida the use of such specialized machines as iMANCO^ s Quantimet 720 series 
or ZeissT s Mcro-Videomat series, which usually employ Vidicpn or Plumbicon 
camera tube scanners rather than a microdensitometer type seamier 1 12,13] * 

The radiographic material analysis is similarly well documented, but much of 
the image enhancement done in this area has had the enhancement itself as the 
experiment [9-11] . The intent of this report is to present a general discussion 
Of the uSe of a specific image enhancement system, the Image Data Processing 
System ( IDAPS) ^ as applied to the analysis Of several metallUrgicai experiments 
cHafacteid^ed in one way by radiographic and microstinicMraTa^^ tebhniques 

A discussion of the detailed results obtained from this computer system 
will be presented sb that the ineHt of using such a tool for this type of experi- 
mental analysis can be inferred. This report will describe the essentials of 
the experiments being analyzed, but it will not go into depth concerning the 
results or conclusions of each experiment (these can be found in the specified 
references) , 

IDAPSj which is capable of performing a wide variety of image m:anipula- 
tions, is availaMe at Marshall Space Flight Center* The system, shown / "■ ' 
schematically in Figure la and pictoriaily in Figure lb, was designed for the 
analysis of Skylab/ ATM S-056 X^Ray Telescope experiment data [41* Table 1 
lists many of the programs available to the. user from the IBM-360 host com- : 
piiter (not shown in Pig* lb) * Interfaced with the host computer is the terminal 
minicomputer (located to the left in Pig* lb) t^hiph has its own programs 
(Table 2) that are immediately available upon the operator’ s request* 

The master monitor (locate d in h ack of the keyboard, in Pig* . lb) allows 
the user to have control over all functions of IDAPS^ The master monitor 
displays a listlhg; or ”menu’’ of very general operations from which the user 
selects the one that he wishes to' be performed* . The monitor will then display 
- a submenu listing specific programs (Table 1) available within the selected 
operation, or it will give a list of the possible settings oii peripheral equipment 



that will be used. If the operator Is choosing a particuiar program and not 
equipment settings, then the master monitor chspiay a still another list c6nt^ 
the program parameters. 

Inputting an image from photographic misdium is done via iiie scanning 
mxcrodensitometer, which is the ceiiter piece of equipment in Figure ibi Scan- 
ning speeds, aperture size, and film iHumination a,; as data output are , 
controlled also from the master monitor. The digitized data obtained from the 
microdensitometer, consisting of an N X N array of gray scale values (GSV) 
each of which ranges from 0 (black) to 256 (white) , correspond to the Ipcalized 
transmittance at specific locations of the film image. The ihatrix size depends 
on the film image size and may be as large as 204S x 2048; butj because of 
limited monitor dimensions, only 480 x 480 sized portions of the original array 
can be displayed at any one time. Once the image is scanned and digitized j ' it 
can be stored on (a) magnetic tape for future input, (b)/ the minicomputer disk 
for immediate presentation on one of two black and white monitors, or (c) filed 
within the IBM-360 for manipulation purposes^ 

When image inputting is complete, analysis can then begin by selecting 
one or more of the programs from the master menii. Only a few of these pro- 
grams which are pertinent to this report will be explained in detail. ( A com- 
plete description can be found in Heferences 14 and 17 ^hich also describe the 
IDAPS hardware components more comprehensively. ) 

There are three important operations that are available from the minl- 
Gomputer and are summoned directly from the master monitor keyboard and not 
from a menu. These are the coordinate, histogram, and sHce operations. They 
are explained in Table 2* and their importance lies in their Immediate ayailabiiiiy 
and in their ability to quickly, extract and display ciuantitatiye informatio 
im^es. ' ' 

Some of the IDAPS operators available through the IBM-360 {Table 1) are 
listed here in detail so that there will be a clear iinderStaiiding of what each 
program does when it is referred to later in this report: 

a. Automatic s cale Hnear/ nonlirie ax GSV adjiistmeht. : Performed 

directly to original image to enhance contrast by expanding, contracting, or 
deleting certain GSV ra*" ' 


b. Ejttract subframe — A portfou of the original image can be obtained 

and displayed as a completely sepai^ate image. . 

c. Insert — A portion of one image (the overlay) may be inserted into 
another image ( the underlay) . The user may speciftr where the overlay is to 
be inserted in the underlay. 

d. Frame — The input image is completely surrounded by a display 
mask, ' This' mask can contain annotations, a histogram of the entire input - 
image, and a grid over lay ed bn the Image. 

e. H-D correction — Quantitative data from film images require khbwl^ 
edge as to how the desired parameter (i.e. , solar temperature^ .mateinal con- 
centrations, etc. } varies with GSV, This requires the use- of a calibratioh 

: curve which will also give the correction needed for the nonlinear response of 
the film. The calibration curve is. presented by this program in the form of 
a listing of the pertinent parameter versus GSV. 

f. Ispgram — Contours of constant GSV are found, marked, and dis- 
played according to user discretion. 

g. Magnify — This program allows expansion or deduction of an image 
by any fractional factor. Expanded image is limited in 'size to a 2048 x 2048 - > 
array. 

h. Alter — This program ^lows the user to transform the original 
image GSV into an image or matrix of . GSV corresponding to the desired param- 
eter as specified by a calibration curve or corresponding to the operator’ s own 
requirements. 

i. Pseudocolor — Each GSV or group of GSV» s of an image can be 
assigned a specific color for enhancement of areas haying minute contrast or for 
selective emphasis of parldcidar ar on the image. ‘ 

Although not deemed necessary in any of the preceding experimental 
analyses, the fast Fourier transform is one of the more powerful programs, 
together with its associated filters (convolutionj, high/ low pass, etc. ) , that 
can be found in IDAPS. When transforming/filtering is performed, unwanted' 
optical system effects present within an image such as defocus, spherical 
aberrations, intervening atmo spheric degradation j geometric distortion, etc. , 


can he reduced to some extent [1,7]. Some understanding of Fourier optics is 
necessary for an operator to reasonably and effectively apply the preceding 
program. 

As soon as analysis of an image has been performed, the data can be 
retrieved in several ways: (a) by placing the enhanced image on film via the 
film recorder, (b) by ^ ^dumping" the data on magnetic tape, (c) by printing the 
data in numerical form, or (d) by copying the image from one of the monitors 
via a low resolution video facsimile machine. The method used to retrieve the 
data; ultimately depends upon the userVs discretion as to which form of output 
will present in the most informative way the results of the analysis performed 
on IDAPS. 

in/AMicMiG^^ 


The discussion of the metallurgical applications of IDAFS is centered 
around three NASA- sponsored experiments dealing with the processing of mate- 
idals in k nn These escperiments- are: ■ ^ 

Mixing between Ligtdd Metals [Space Processing Applications Rocket (SPAR) 
Ejjperiiheht Nb.^ 7^18/i] V (b) Stu^^ of Surface Tension Effe^^ on Hquid Met^ 
[Apollo-Soyuz Test (ASTP) Experiment MA-041] , ■ and (c) Homogenization 
Experiment of Metal Alloys ( ASTP Experiment MA-044). The nature of the 
results of each experiment made itdesirable to obtain part of the analysis from 
images on photographic medium to miniinize destnictivertype evaluation. The 
same basic information was heeded for each experiment: the location and the 
, quantiiy of one- material within a dissimilar material. The H>APS is shown to 
be a very effective tool in fulfilling these two requirements. 

" A. Studj? oiMixIrig 

One particular application of the HDAPS system concerned the. character- 
ization of an experiment dealing with the stabilily and buoyancy effects in hear- 
zero gravity of two different liquid metals initially coupled together, as shown in 
Figure' 2. Three of these bimetal systems aligned orthogonally to each other 
were melted and resolidified during the 5 min of low gravity provided by the : 
first SPAR- [18,19].. : • . . . 


By using X-radiography on the returned flight samples, the flow that 
had taken place between the metals could be seen readily, thus giving some 
idea of the rci:idual gravitational force present as well as the critical force 
necessary to initiate flow* This flow visualization was possible because the 
bimetal system (indium and indium — 20 wt. % lead alloy) had X-ray absorption 
coefficients whose difference gave enough contrast on the film to allow simul^ 
taneous radiographs of both metals. Once radiographs; of each entire sample 
were made at many degrees of rotation to the incident X-ray beam, 2 mm thick 
slices were taken perpendicular to the sample* s longitudinal axiSi These slices, 
when laid flat, were X-rayed also to see how the internal flow compa:red to the 
flow as viewed from the overall radiographs. 

The contrast between the two materials on the film was visually quite 
evident; but when displayed on IDAPS, much more detail clearly could be seen. 

The image of one slice of sample No. 6 is shown in Figure 3a^ to which the linear 
automatic -scale program was applied, resulting in edge enhancement and in a 
slight increase in contrast. ^ Figure 4a shows what an original image looked like 
before any image manipulation. The linear automatic-scale program could not 
be used on these entire sample images as used in Figure 3a because the GSV* s 
of the indium material were darker than the GSV* s surrounding the indium-lead 
alloy; thus, when attempting to edge enhance the indium-lead material by **black- 
ening out** the surrounding GSV* s, the indium material would also he **blackened 
out. ** This problem was solved by using the alter and Insert programs in com- 
bination: half of an original entire sample image could be edge enhanced and then 
this resultant image merged with the remaining half -image likewise edge 
enhanced. Two of the three flight samples whose images have been edge enhanced 
in this way are shown in Figures 4b and 5a. 

To further enhance the location of the two metals, pseudocoloring was 
performed. Before executing this program, the histograms of GSV* s (provided 
at the bottom of the figures by the frame program) were used to give some 
indication of which GSV* s corresponded to each metal and to their approximate 
interface within each image. Figures 3b, 4c, and 5b are the pseudbcolored 

1. The frame surrounding the image was provided by IDAPS as described in 
Section H. 

2a ; Keep in mind^ of clarity that occurs when converting images to 

photographic medium as compared to an image displayed on a high resolution 
video screen. 
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representations of the originally scanned images of ITigures Sa^ 4b, and 5a, 
respectively. In ' lese images the indinm-lead material is colored red, the 
indium is blue, f id the approximate interface is the narrow band of yellow- 
green-purple colors. Note that after pseudocoloring there can be seen in the 
center of Figure 5b an area that shows definite beginnings of fluid motion; this 
is an effect not readily seen in Figure 5a. The effect was similarly found in 
flight sample No, 2, not shown here. Because of X-ray edge effects and because 
these figures are not pseudo colorings of the edge enhanced images, there exists 
the false appearance that one metal is entirely enclosed within the other. 

To obtain a more direct visualization of the flow that took place, the 
slide program of IDAPS was iised which provides a plot of GSV^ s versus dis- 
tance. An example tal^en from the low-resolution video facsimile copier is 
given In Figure 6; the white line in the image marlcs the location of the slice. 

Many of these programmatic slices were taken pei^endicular to the longitudinal 
axis for each sample. Composites were then made of these plots for each sample 
at each of the several different degrees of rotation relative to the direction of the 
incident X-ray beam, thus giving a three-dimensional view of the flow that had 
taken place; An example is given in Figure 7 of sample No. 6 rotated zero 
degree to the incident X-ray beam. 

One of the unique advantages of IDAPS is the ability of a user to write 
his own program for extracting particular information from an image. Such 
was the case for analyzing this experiment because determining the extent of 
flow between the Indium and indium-lead alloy demanded the finding of an inter- 
face between the two materials. The interface could be found by determining 
the greatest change in GSV for a unit fixed length on each line of image data. 

Once found, the interface would be marked by a white line so as to be clearly 
evident. Limited success has been attained with such a program at present; 
modifeations are being made for including a line-fitting procedure which will 
eventually produce a smooth interface curve and data on the accuracy of the fit. 

B. Study of SurfaGe Tension Effect^^ 

Metals in 

On ASTP an experiment was performed to detect surface tension convec- 
tion that be caused by a step-like compositional gradient between two dis- 
similar liquid metals [20, 21] . The two materials (lead and lead — 0.05 at. % 
gold aHby) were Ihitial^^ Tlie eiqjeriment was 
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performed in both wetting and nonwetting canisters, and each of these was at 
two different temperatures. The samples were left in the molten phase for 
2 hours so that any convective stirring effects would clearly be evident; otherwise, 
the conventional diffusion profile would be present. 

Autoradiography was the characterization scheme used for determining 
the gold concentration distribution within the samples. First, standards of 
known gold-lead composition and each flight sample, sliced in half longitudinally, 
were mounted together and neutron activated; then, each assembly was placed 
in contact with film which was sensitive to the energy of the beta-particles 
emitted from the decaying gold. The film images of the standards were scanned 
by IDAPS using the H-D correction program, which automatically provided a 
curve of gold-concentration versus GSV» s obtained by straight-line interpolation 
between the points of the calibration data. This curve was then used ( via the 
alter program) to change the CSV’ s of the originally scanned Image into 
an image consisting of gold-concentration values; i.e. , Instead of seeing the 
image on a monitor as shades of light and dark areas that vary as film trans- 
mittance, the image was seen as varying shades of light and dark areas that 
corresponded to changing amounts of gold concentration ( Fig. 9) . 

Once the original image had been converted to gold concentration values, 
many choices of characterization schemes existed with the use of IDAPS. One 
approach taken was that pFpseudocQ^^ gold concentration 

as given in Table 3. Usin^ tMs table of values for all specimens, one is 
Immediately able fd compajre diffusion and convecl’.on 

in each sample as shown in Figures 10 and ll. Figures 10a and 11a show the 
grotmd-based ( Gb) sampl^^ processed as were their respective 

space flight ( SF) samples in Figures 10b and lib. 

Another technique emplDyed was the use of the isogram program. This 
allowed quick deternnnatioh of the extent of the gold distribution in ranges 
broader than those used for pseudo coloring. One example is Shown in Figure 12 
in which each contotir repre aents tl^t cohcentratibn 6f gold in atomic ppm as so 
labeled. 

Images analyzei^^ the? priece^ng tw have good pictorial and 

semiquantitative valtie. To gather some defi quantitative data, the pre- 
viously desdribedsHceprogrd^ operation provided a plot of 

gcdd concentration versi^ distant^ ydnCh in turn ^3^ data in the 

form of the graphs in Figure 13. Figure 13a represents the percent of total gold 
present In each' of many sliqeis, taken in the direction of the longitudinal axis of 


Figure 9, as a function of the distance out from the central longitudinal slice; 
Figure 13b is one example of a plot of the percent of total gold present at each 
location in a slice as a function of the location in that slice. From such Informa- 
tion, the overall gold distribution was detectable not only in the radial direction 
but also in the longitudinal direction. 

The microstructure of the samples was investigated by using the magni- 
ficatioji program on a particular area of the sample. Then, a suitable pseudo^ 
coloring scheme similar to that used in Table 3 was vapplied to the images the , 
results of which are shown in Figure 14. This permitted comparison of the 
grain structure as well as areas of gold accumulation between flight and ground 
samples. 

C. study of the Homogenization of Metal Alloys 

An analysis similar ^ in part, to that performed In the surface tendon 
effects experiment was used to quantitatii^'ely measure the micro structural 
homogeneity and stoichiometry of melted metals. An experiment was performed 
on ASTP to study the effects of the low-gravity environment on the melting and 
solidification of two material systems: aluminum -- 50 at. % antimony and 
zinc — 20 at. % lead [22, 23] . The mateanals were Initially in the form depicted 
in Figure 15. Both composite metals were premelted within their uncapped 
graphite crucibles under an argon atmosphere. 

At present, only the AlSb material has been investigated using the IDAPS 
faciliiy . This was done by first obtaining photoinicrographs of particular areas 
of the sUced and polisi^d samples from both the low- and .one-gravily [ground- 
based test (GBT) ] processed materials (Fig. 16) . The negatives of these 
photographs were converted into 35 mm. slides which could then be scanned by 
3DAPS. When histograms were performed on the entire area of these images, 
information on the area fraction of the different phases of AlSb present in each 
sample was immediately available ( Hg. 17). The accuracy of this information 
was checked by using a planimeter to measure the relative areas of each phase 
seen on the film. The two results agreed to within 2 percent, most of the differ- 
ence being attributable to human limitations and inaccuracies in measuring with 
a planimeter the fine structure present on the film. 

Using the data of Figure 17, pseudocoioring was performed in which colors 
were assigned to those GSV^ s that were indicative of each phase in the AlSb* 

The resultant picture (Fig, 18) not only enhanced the different phases but- 
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removed mwanted surface artifacts for clearer presentation, of the microstruc- 
ture and also verified the phase-to-peak correlation of Figure 17. 

The histogram technique was performed several more times to gather 
additional quantitative data. This was done in two ways: First, microphotb- 
graphs were taken completely across a section of both the low- and one-gravity 
samples; then, repeating the procedure used to obtain Figure 17 for each of 
these new images, quantitative microstructural data shown In Figure 19 were 
obtained for comparative characterisation. Second, two of the photomicrographs 
were compared as shown in Figure 20 by using IDAFS to extract data as a func- 
tion of picture area. 


!V. GONGLUSION 


For the three experimental analyses described, IDAPS proved to be a 
very quick and efficient tool ibr visually and quantitatively evaluating materials 
and for examining those factors that contribute to the overall processing of those 
materials. The possible merits of using a digital computer such as IDAPS for 
enhancing metallurgical Images have been discussed in some detail, but only 
through the figures presented can an impression of IDAPS^s abilities be conveyed. 
These abilities lie in the machine* s diverse programs and the user* s techniques 
in applying them, as well as the ease and speed of extracting data from film 
images. 

The three experiments described used IDAPS for their analysis because 
this computer offered the necessary image manipulation fimctions to obtain the 
required results and because each experimental analysis needed photographic 
characterization which made IDAPS a most appropriate tool to utilize. For the 
puDqposes of this report, however, these experiments offered ideal situations for 
describing the uses of a digital computer for general metallurgical problems 
and analysis. These Uses are summailzed as follows: 

a* Study of Flow Between liquid Metals in Low Gravity — IDAPS gave 
clear, qualitafive Images of the fiow within each sample and allowed ease of 
comparison between samples^ Details not seen in the original image were made 
visible through gseudocoloring. Three-dimensional qualitative information was 
extracted, and three-dimensional quantitailve data are a real possibility [iO] . 
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b* Study of Surface Tension on liquid Metals in Microgravity — Quick 
and accurate quantitative information on microscopic processes occurinng 
within a large surface image was obtained. The extent of diffusion between and 
within samples was easily observed and quantified, thus allowing an accurate 
description of the surface tension effects. 

The use of a calibration curve for image conversion into units other than 
GSV^ s proved to be most fruitful in attaining the desired results for this type 
of analysis. When this can be done, many avenues are opened for extracting 
excellent information from the converted image (pseudocoldring, isogramming, 
slicing, Mstogramming, etc.) 

c. Microstructural Study of AlSb — IDAPS offers accurate and immediate 
retrieval of quantitative information on the macroscopic processes occurring 
within a large surface image. The sample homogenei-^, as determined by area 
fraction of different phases present in the material, could be found by simply 
using the histogram operator on part of or on an entire microphotograph image. 
Pseudocolonng of the photomicrographs gave improved contrast and eliminated 
unwanted surface artifacts. It should be noted that there are other specialized 
surface analysis machines (as noted in Section I) that are probably more 
efficient and perhaps more accurate than IDAPS in performing this iype of 
analysis. Possible advantages of IDAPS over these other machines could include 
the increase in contrast between areas on an image, the ability to analyze images 
via operator-written programs, and the space available for storing images. 
Perhaps by combining the strong features of both types of machines, a better way 
of analyzing surface images of metals could be found. 

The user, then, is limited to extracting data from an image only by Ms 
own inabilities to intertwine tlie computer operations and not by the nonavail- 
ability of programs. If need be, the user can develop his own programs* If an 
experimenter can obtain his data in photographic form, the power of a digital 
machine such as IDAPS cannot be overestimated for its speed, ease of handling, 
and information extractability in analyMng metallurgical experiments. 
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a. IDAPS schematic. 

Figure 1. IDAPS; schematic and pictorial representation. 
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a. Edge and contrast enhanced. 
Figure 3. Image of slice of sample No. 6. 
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interface. 

Figure 3, { Concluded) . 
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Figure 4. Entire image of sample No. 6. 


-a 





AMPLE b R 0 T ATE D (. 


INC«ILIM--LEAC:« 

INDIUM 


LIGHT ARE 
D A F' K AREA 


b. Edge enhanced 


Figure 4. ( Continued) 
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c. Pseudocolored: same scheme as used in Figure 3b. 
Figure 4. ( Concluded) . 
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a. Edge enhanced. 


Figure 5. Entire image of sample No. 1 
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b. Pseudocolored: same scheme as used in Figure 3b. 
Figure 5. (Concluded). 
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Figure 6. Low -re solution video facsimile copy of the slice operation 




Figure 7, Composite made from slicing operation 
performed perpendicular to the longitudinal axis 
of Figure 4a (axis numbers refer to GSV*s). 


Pb - 0. 05 at. % Au 

^Pb 



Figure 8. Sample configuration for ASTP 
Experiment MA-041. 
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Figure 9. Image converted from GSV’s to gold concentration values 


MELTING DIRECTIOr^ 


MELTING DIRECTION 


b. Corresponding SF sample 


Figure 10. Pseudocolored GB sample and Its corresponding SF sample 
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MELTING DIRECTION 


a. GB sample 


MELTING DIRECTION 


b. Corresponding SF sample. 

Pseudocolored GB sample and its corresponding SF sample 


Figure 12. Isogrammed image showing gold concentrations in 
at. ppm contours as labeled. 




GOLD CONTENT 



a. The ordinate represents percent of total 
gold for each slice compared to the 
initial concentration (500 at. ppm). 

The abscissa represents the radial 
location of each slice on either 
side of the central longitu- 
dinal slice (flight 
sample llA). 



y 


b. The ordinate is same as that of Figure 13a. 
The abscissa corresponds to a partic- 
ular column number (in the N X N 
image array) which can be easily 
converted to units of length 
(central longitudinal con- 
centration slice for flight 
sample llA). 


Figure 13. Plots of slicing operation. 




a. GB sample 


b. Corresponding SF sample. 

Micro structure and gold distribution as seen in the GB 
sample and in the corresponding SF sample. 







a. Low-gravity environment. 


(A185) 



IA141) 


b. One -gravity environment. 


Figure 16 


Comparison of photomicrographs of AlSb 
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9HI AlSb COMPOUND 



IA185) 


mmm m rich phase 


a. Low-gravity. 



IA141) 


b. One-gravity. 


Figure 18. Pseudocolor of photomicrographs of Figure 16. 
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AREA FRACTION OF AlSb (%) 
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Figure 20. Quantitative Mstogram data of AlSb homogeneiiy 
as a function of microphotographed area. 
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TABLE 1. IDAPS OPERATORS (IBM 360 AVAlLABILiry) 


ALT ER (Table Lookup) 

AUT OMATIC SCALE ( Linear/ Nonlinear) 

AVER AGE ( Multiple Images) 

CENT ER DIAMETER (Solar Parameter Determination) 

EXT RACT SUBFRAME 

FRAM E (Annotated Display Mask) 

R-D C^ORRECTION (Film Curve Correction) 

g^ERT FRAME 

INV ERT (Gray Scale Reversal) 

ISOGRAM ( Con^itant Value Contours) 

LAB EL (Annotation Overlay) 

MAT H ( Common Arithmetic Operations) 

OVE RLAY ( Controlled Image Superposition) 
DIF FERENCE PICTURE (Biframe Change Detection) 
REG ISTER (Biframe Coregistration) 


ROT ATE ( Large or Small Angles) 

STONYHURST GRID (Spherical Coordinate Plot) 
TRA NSPOSE ( Picture Matrix Operations) 
MAG NIFY ( Expand/ Shrink Image) 

CONVOLUTION FILTER (Filter Weight Convolver) 
DEP ENDENT ALTER (Vignetting Correction) 
SIM ILARITY (Window/ Picture Cross-Correlation) 
DIST ANCE ( Sun Referenced) 

FEA TURE ANALYSIS (Subset Statistics) 

FILTER GENERATOR (Space or Fourier Domain) 
FFT ( 2-D Transform) 

IFFT ( 2-D Inverse Transform) 

FOU RIER FILTER ( Fourier Convolution) 

MAS K (Extract/ Insert Irregular Subframes) 
IMAGE MAKER (Test Patterns) 




TABLE 2. IDAPS SPECIAL FUNCTION OPERATORS (MINICOMPUTER AVAILABILITY) 


Operations Functions; 

HELP (Explanatory Messages) 


RETURN TO MASTER MENU ( Terminates Terminal Minicomputer Operation; 

Displays Master Menu) 


SPECIAL FUNCTION EXIT (Terminates Special Function Operation) 

Processing Functions: 

COORDINATES (Displays Location and GSV around Selected Point 
on Picture) 


HISTOGRAM (Histogram of Frequency of GSV Occurrence in 
Selected Rectangle on Picture) 


SLICE ( GSV versus Position along a Line) 

QUICK LOOK SCAN ( Low -Resolution Scan) 

RESTORE (Transfers Monitor Display to Disk) 

ERASE (Erases Monitor Display) 

GRAY-SCALE WEDGE (Writes GSV Wedge on Picture) 
REPEAT (Multiple Entries) 
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TABLE 3. COLOR SCHEME RELATING PSEUDOCOLORS 
TO GOLD CONCENTRATIONS 


Pseudocolor 

Gold Concentration 
(at. ppm) 

Percentage of Original 
Gold Concentration 

Black 

0- 5 

0 - 1.0 

Yellow 

6- 10 

1.2- 2.0 

Blue-Green 

11- 20 

2.2- 4.0 

Red 

21- 40 

4.2- 8.0 

Green 

41- 80 

8.2-16.0 

Purple 

81-120 

16.2-24.0 

Dark Blue 

121-160 

24.2-32.0 

Orange 

161-254 

32.2-50.8 
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